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Owing to both their blood pressure (BP)-lowering and 
antiproteinuric effects, renin-angiotensin-aldosterone 
system (RAAS) inhibitors are generally regarded as the 
pharmacological cornerstone of renoprotective therapy 
in chronic kidney disease (CKD). Although RAAS inhib-
itors effectively control BP and reduce proteinuria in 
most patients, large interindividual differences in treat-
ment effect exist, presumably explaining why some pa-
tients still progress to kidney failure.

To optimize RAAS inhibitor renoprotective action, 
various strategies have been studied in the past 2 decades, 
including additional treatment with diuretics and dietary 
measures [1, 2]. These studies demonstrate that the effi-
cacy of single RAAS inhibition, either by an angiotensin-
converting enzyme inhibitor or an angiotensin II type 1 
receptor blocker, can be significantly improved in dia-
betic as well as nondiabetic CKD by adding a thiazide di-
uretic, restricting daily sodium consumption, or a com-
bination of both measures [1, 2]. Also, patients with an 
inadequate response to single RAAS blockade in terms of 
BP or proteinuria reduction catch up once one of these 
measures has been added [2]. These interventions are 
therefore crucial for eliminating variability in treatment 
efficacy.

Data showing that modulation of the sodium balance 
may also result in improved long-term outcomes are de-
rived from the most recently conducted large randomized 
controlled clinical trials in the nephrology field, includ-
ing, respectively, the addition of sodium-glucose cotrans-

porter-2 (SGLT2) inhibitors and the novel mineralocor-
ticoid receptor antagonist finerenone to patients treated 
with single RAAS blockade [3, 4]. Besides potentially oth-
er beneficial effects, both drug classes stimulate natriure-
sis and have shown to reduce both BP and proteinuria 
while given on top of the maximum tolerated RAAS 
blockade [3, 4].

The recent DAPA-CKD and FIDELIO-DKD studies 
confirm that these agents slow down the progression of 
kidney disease and lower the incidence of clinically rele-
vant renal and cardiovascular events – again against a 
background of RAAS blockade [4, 5]. Whether long-term 
cardio and renoprotection by SGLT2 inhibitors and fi-
nerenone are solely obtained owing to their natriuresis-
stimulating properties or that other effects are also im-
portant needs to be determined, but the considerations 
emphasize the crucial – yet impeding – role of increased 
sodium retention in the efficacy of CKD treatment.

The reason why proteinuria patients are particularly 
sensitive to increased sodium retention and subsequent 
extracellular fluid volume expansion was not well under-
stood for a long time. Still, recent experimental data indi-
cate that proteinuria causes upregulation of epithelial so-
dium channel (ENaC) via glomerular plasminogen filtra-
tion along with other plasma proteins and subsequent 
conversion of plasminogen to plasmin [6]. Plasmin, a ser-
ine protease, enhances ENaC activity by cleaving the ex-
tracellular loop of the ENaC γ subunit. These sequelae 
indicate that proteinuria directly leads to increased so-
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dium reabsorption in the collecting tubule [6]. One might 
therefore hypothesize that proteinuric patients particu-
larly benefit from diuretics that target ENaC [6].

In this issue, Shen et al. [7] touch upon this point – yet 
with another hypothesis – by studying the antiproteinuric 
effects of 8-week amiloride 5 mg b.i.d. and 8-week triam-
terene 50 mg b.i.d., respectively, on top of the maximum 
tolerable dose of a single RAAS blocker in an open-label 
randomized cross-over study, including 12 proteinuric 
patients (mean 2.9 g/day) caused by various etiologies 
(including diabetes) with a relatively preserved kidney 
function (mean eGFR 81 mL/min/1.73 m2) and reason-
ably controlled BP (137/75 mm Hg) [7]. Because previous 
animal research indicated that amiloride attenuates pro-
teinuria and glomerulosclerosis independent of ENaC in-
hibition, the authors hypothesized that amiloride, but not 
triamterene, would have an additional antiproteinuric ef-
fect on top of a single RAAS blockade. Their study, 
 however, could not demonstrate a differential response 
concerning change in proteinuria (39 vs. 33% 24-h pro-
teinuria reduction for amiloride and triamterene, respec-
tively). Distinct effects concerning BP and eGFR were, 
however, observed after both treatments.

Amiloride reduced mean systolic BP by 12 mm Hg 
without affecting eGFR. In contrast, triamterene did not 
affect BP, while mean eGFR dropped with 9 mL/min/1.73 
m2 – an effect that disappeared upon withdrawal of the 
drug after 8 weeks. Unfortunately, the study could not 
substantiate why these distinct changes occurred. Assess-
ment of natriuretic efficacy, measured GFR and renal 
plasma flow, plasma and urinary RAAS hormones, and 
dietary status regarding daily sodium and protein con-
sumption would have been helpful here.

The authors conclude that proteinuria reduction by 
amiloride and triamterene was independent of RAAS 
blockade. It is questionable, however, whether this is cor-
rect. Because all study participants were on RAAS inhibi-
tion throughout the study, and the authors could not for-
mally test the intrinsic antiproteinuric effect of both 
drugs. Furthermore, an alternative explanation seems 
more likely. Provided that the reduction in proteinuria 
after establishing a negative sodium balance coincides 
with an initial GFR drop, and the proteinuria effect is usu-
ally attributed to a decrease in intraglomerular pressure 
caused by reversing glomerular hyperfiltration, that is, 
the critical pathophysiological feature in CKD [1–3].

This phenomenon might also have been responsible 
for the proteinuria reduction observed after selective in-
hibition of renal ENaC with triamterene. However, 
amiloride inhibits not only renal ENaC but also nonrenal 

ENaC as present in the vasculature, intestines, and central 
nervous system and blocks other ion channels as well [8]. 
These latter actions may have been responsible for the ad-
ditional systemic BP decrease as observed by Shen et al. 
[7]. In theory, distinct tubular handling of potassium by 
both agents may also differentially affect BP and protein-
uria [8]. Still, regarding the similar changes in plasma po-
tassium, this seems not to have occurred.

Regardless of the exact mechanisms explaining pro-
teinuria reduction, 2 other questions remain. Firstly, it is 
unknown whether the comparable antiproteinuric effi-
cacy of both potassium-sparing agents will translate into 
equal cardio and renal protection in the long term. Based 
on the observation that amiloride further improves BP 
control indicates that the odds seem to benefit amiloride. 
Secondly, aldosterone antagonists also influence ENaC 
function via blockade of the mineralocorticoid receptor. 
In diabetic kidney disease, finerenone at the 15 and 20 mg 
daily dose on top of maximum tolerable dosed RAAS 
blockade reduced proteinuria with 33 and 38%, respec-
tively, as compared to placebo. These effect sizes may not 
substantially differ from the introduction of amiloride or 
triamterene. It is, therefore, an interesting question 
whether the protective effect of finerenone in DKD pa-
tients on kidney outcomes in the FIDELIO study [4] 
would have been similar with the use of amiloride or tri-
amterene – drugs that are widely available at low costs 
since their introduction in the 60s of the last century.

What can we learn from Shen et al. [7] study and evi-
dence from the above outlined short-term and long-term 
outcome studies in diabetic and nondiabetic CKD? Un-
doubtedly, all studies confirm that reaching an adequate 
body sodium status represents an important treatment 
goal by itself in CKD treatment. Dietary sodium restric-
tion, thiazide diuretics, SGLT2 inhibition, aldosterone 
antagonists, and the potassium-sparing diuretics ami-
loride and triamterene lead to a reduction in proteinuria 
when given on top of a single RAAS blockade; however, 
mechanisms by which this additional proteinuria reduc-
tion will be obtained might be different for each approach, 
and some of the decrease in proteinuria might even occur 
beyond their sodium-modulating effects. The jury is still 
out whether these differences will also be relevant to pre-
vent new end-stage renal disease cases.
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